The class Dacrymycetes is a rather small group of brown-rot wood-decaying jelly fungi characterised by forked basidia and an orange to yellow gelatinous to cartilaginous fruit body. In Japan, dacrymycetous fungi had not been investigated for a long time, justifying a taxonomic re-examination. In the present study we attempted an investigation of the dacrymycetous fungal flora of Japan, and recognised 28 taxonomic entities, including five new taxa, i.e. Dacrymyces ancyleus, D. aureosporus, D. pinacearum, D. subarcticus and Dacryopinax sphenocarpa, and nine new records. Due to the present survey, the total number of dacrymycetous species recorded from Japan increased from 28 to 42. Of the newly described species, Dacrymyces ancyleus is characterised by recurved, cylindrical basidiocarps and hyphae with clamp connections. Dacrymyces aureosporus resembles D. chrysospermus, but differs in wall thickness of its marginal hyphae. Dacrymyces pinacearum and D. subarcticus represent new coelomycetous anamorphic species. Dacryopinax sphenocarpa has sharp, spathulate basidiocarps, and hyphae with clamp connections. Descriptions, illustrations and photographs of fruit bodies are presented with some taxonomic notes. Molecular phylogenetic analyses were conducted to verify the species identification, and the remaining problems in Dacrymycetes taxonomy are discussed based on these data.
INTRODUCTION
Dacrymycetes is a rather small class established by Doweld (2001) in the subphylum Agaricomycotina of Basidiomycota with one order, two families, nine genera and 101 species (Kirk et al. 2001 , 2008 , Hibbett et al. 2007 . Dacrymycetes is characterised by forked (bifurcate) basidia, except in Dacrymyces unisporus. Their fruit bodies are gelatinous or cartilaginous, yellow to orange coloured, and vary in shape from thin membranous to pulvinate, spathulate and dendroid. In their hyphae, the dolipore-type septa are surrounded by parenthesomes without perforations (Wells 1994) . All species belonging to this class are wood-decaying fungi that cause brown-rot (Oberwinkler 1993 , Kirk et al. 2001 . Recent molecular phylogenetic studies have shown that Dacrymycetes is a member of the Agaricomycotina clade with the Agaricomycetes and Tremellomycetes, and a sister group of Agaricomycetes (James et al. 2006 , Hibbett 2006 , Hibbett et al. 2007 ).
The only order in the class, Dacrymycetales, was established by Hennings (1898;  as Dacryomycetinieae) composed of the single family Dacrymycetaceae, introduced by Schröter (1889;  as Dacryomycetini) with several genera, until Jülich erected an additional family Cerinomycetaceae to accommodate the genus Cerinomyces, species of which produce resupinate basidiocarps (Jülich 1981 , Kirk et al. 2001 . In recent years, a taxonomic review of the genera in Dacrymycetaceae was conducted by McNabb (1964 McNabb ( , 1965a McNabb ( -e, 1966 McNabb ( , 1973 . He reexamined the validity of described genera based on the type specimens and original descriptions, and finally recognised eight genera in the Dacrymycetaceae: Calocera, Cerinomyces, Dacrymyces, Dacryopinax, Ditiola, Femsjonia, Guepiniopsis and Heterotextus. He classified these genera mainly based on the external shapes of basidiocarps and the wall thickness of marginal hyphae in the sterile parts of basidiocarps (McNabb & Talbot 1973) . The ninth genus, Dacryonaema, is monotypic and rarely reported (Nannfeldt 1947) . The taxonomic history of dacrymycetalean genera has been reviewed by Oberwinkler (1993) . Some studies discussing the phylogenetic relationship in this class have been published (Weiss & Oberwinkler 2001 , Shirouzu et al. 2007 ).
The fungal floristic data of a certain region adds basic information on the classification and distribution of the species occurring in this region. Some mycologists reported the taxonomic study of dacrymycetous fungi distributed in a certain country, e.g. Reid (1974; UK) and Liu & Fan (1990; China) . In Japan, 28 species representing seven genera have been recorded (Table 1) , but systematic investigation of Japanese dacrymycetous fungi has not been conducted for 70 years since the works of Kobayasi (1939a, b) . Although he described 14 new dacrymycetous species in Japan, several have remained doubtful (McNabb 1965a (McNabb , b, e, 1973 , as their holotypes have not been located. Given this situation, a re-examination of dacrymycetous fungi in Japan was urgently required.
In the present study we attempt to survey the dacrymycetous fungi of Japan. Fungal specimens collected from 2005 to 2008 were examined. Their descriptions and illustrations are presented with some taxonomic notes in this paper. Molecular phylogenetic analyses are also conducted using Japanese and foreign strains to verify species identification. Finally, the problems remaining in Dacrymycetes taxonomy are discussed based on these data.
MATERIALS AND METHODS

Fungal collections and morphological observations
To collect basidiocarps of dacrymycetous fungi, we selected approximately 50 sites in Japan with coniferous, deciduous broad-leaved and evergreen broad-leaved forests. The 23 major sites are shown in Fig. 1 to 2008. When sampling, basidiocarps were collected together with the substrata on which they occurred. The tree species or substrates were identified when possible. Collected samples were quickly air-dried, wrapped with paper and transported to the laboratory.
In the laboratory, dried samples were soaked in distilled water to observe their morphological features. Basidiocarp shapes were observed with the naked eye and under a stereomicroscope. Basidiocarps were then sliced using a freezing microtome (RUB-2100, MC-802A; Yamato Kohki, Saitama, Japan) to a thickness of 10 -40 µm to make preparations for microscopic examination. The microscopic features, such as basidia and basidiospores, were observed using a high-powered light microscope (150-1500×). Species identification was performed referring to the descriptions of Kobayasi (1939a) , Olive (1944) , McNabb (1964 McNabb ( , 1965a McNabb ( -c, e, 1973 , Oberwinkler & Tschen (1989) and Reid (1974) . Identified specimens were deposited in the fungal herbarium of the National Museum of Nature and Science (TNS), Tsukuba, Ibaraki, Japan.
Fungal isolations
Pure cultures were established by means of single spore isolation. The established cultures were preserved in slants of 0.1 % cornmeal agar (0.2 % CMA; Nissui, Tokyo, Japan) + 1.25 % malt agar (2.5 % MA; Nissui, Tokyo, Japan) medium (0.2 % CMA 8.5 g, 2.5 % MA 22.5 g, yeast extract 1 g, distilled water 1 L), and deposited in the MAFF Genbank (National Institute of Agrobiological Sciences, Tsukuba, Ibaraki, Japan).
The colony growth rates and characteristics (texture, colour, etc.) were recorded based on 10 d old colonies grown in slants of 0.1 % CMA + 1.25 % MA medium at room temperature (c. 25 °C). Conidiogenesis was observed on colonies grown on 0.2 % CMA plates.
Molecular phylogenetic analyses
Fungal cultures for DNA sequencing were obtained from Japanese Dacrymycetes samples collected in this study, and from the Fungal Biodiversity Centre of the Centraalbureau voor Schimmelcultures (CBS) in Utrecht, The Netherlands. The list of samples used for phylogenetic analyses is shown in Table 2 .
DNA was extracted from mycelia cultured on 2.5 % malt extract liquid medium following the modified CTAB method described by Matsuda & Hijii (1999) . The 28S rDNA D1/D2 region was amplified with primers D1 (Peterson 2000) and NL4 (O'Donnell 1993) . Polymerase chain reactions (PCR) were performed using a HotStarTaq Master Mix (Qiagen, Mississauga, Canada). Each PCR tube contained a 50 µL mixture (21 µL distilled water, Samples with a dagger ( †) in Table 2 were sent to Macrogen, Inc. (Seoul, Korea) and sequenced. Sequencing reactions were performed in a MJ Research PTC-225 Eltier Thermal Cycler using an ABI PRISMR BigDyeTM Terminator Cycle Sequencing Kit with AmpliTaqR DNA polymerase (FS enzyme; PE Applied Biosystems, Foster City, CA, USA), following the protocols supplied by the manufacturer. Single-pass sequencing was performed on each template. The fluorescent-labelled fragments were purified from unincorporated terminators with an ethanol precipitation protocol. The samples were resuspended in distilled water and subjected to electrophoresis in an ABI 3730xl sequencer (PE Applied Biosystems).
Samples without a dagger ( †) in Table 2 were sequenced in our laboratory. Sequencing reactions were performed using a BigDye Terminator Cycle Sequencing FS Ready Reaction Kit (PE Applied Biosystems) and an Eppendorf Mastercycler Gradient according to the manufacturer's instructions. Sequencing reaction products were purified with a DyeEx Spin Kit (Qiagen, Mississauga, Canada), and directly sequenced using an ABI PRISM 377-18 DNA Sequencing System (PE Applied Biosystems). The sequences determined in this study were deposited in GenBank; their accession numbers are shown in Table 2 . In addition to the sequences generated, 13 sequences accessed from GenBank belonging to Dacrymycetes and Agaricomycetes were included in the phylogenetic analysis (Table 2) .
Preliminary multiple alignments of sequences were conducted using MAFFT v6 (Katoh et al. 2005 , http://align.bmr.
kyushu-u.ac.jp/mafft/software). Final alignments were manually adjusted. Alignment gaps were treated as missing data, and ambiguous positions were excluded from the analysis. Maximum-parsimony (MP) analyses were carried out using PAUP v4.0b10 (Swofford 2001) . MP analyses with the heuristic search option using the tree-bisection-reconstruction (TBR) algorithm with 1 000 random sequence additions were performed to find the global optimum tree. All sites were treated as unordered and unweighted. To estimate clade support, the bootstrap (BS) procedure of Felsenstein (1985) was employed with 1 000 replicates in MP analyses and 100 replicates in the Maximum-likelihood (ML) analysis, with BS values higher than 50 % shown.
RESULTS
Taxonomy
As a result of the field work, about 600 samples were collected and 493 samples were identified to species level. There were 28 species representing 6 genera, of which 5 were new species, including 2 new anamorphic species, and 9 already-described species which were new records for Japan (Table 3) . The descriptions, illustrations and photographs of these species are as follows. Notes -This species is characterised by hyphae without clamp connections, comparatively small, simple basidiocarps and 1-septate basidiospores. We found two types of basidiocarps for this species: simple or slightly branched basidiocarps and palmate or dendroid basidiocarps. As in earlier studies (McNabb 1965a , Reid 1974 , Tubaki & Hosoya 1987 , this species was frequently found on woody materials of broad-leaved trees. This was previously reported in Japan (Kobayasi 1939b , Tubaki & Hosoya 1987 Notes -This species is characterised by hyphae without clamp connections and large, dichotomously branched orangecoloured basidiocarps. In contrast to C. cornea, C. viscosa has been frequently found on woody materials of coniferous trees (McNabb 1965a , Reid 1974 . In Japan, this has been also reported from coniferous wood (Kobayasi 1939b Notes -Cerinomyces albosporus is characterised by hyphae with clamp connections, presence of hyphal pegs and cylindrical to reniform basidiospores. This species has been reported in Japan by Maekawa (1987) Basidiocarps resupinate, yellow, soft-waxy, 2-5 mm long, 2-3 mm wide, 100 -380 µm thick, covered with hymenium. Internal hyphae branched, thin-or thick-walled, septate, sub-hyaline, 2-5 µm diam, with clamp connections. Probasidia cylindrical to clavate, pale yellow, 28.5 -32.5 × 4 -5 µm, with a basal clamp connection, becoming bifurcate. Basidiospores subglobose to reniform, with an apiculum at the base, thin-walled, sub-hyaline, 8-13 × 3.5 -5.5 µm (av. 10 × 4.5 µm; n = 15), 0 -1-septate, germination via germ tubes.
Culture characteristics -Colonies attaining about 6 mm diam, velvety, white. Conidiogenesis not observed. Notes -Cerinomyces canadensis is characterised by yellow-coloured basidiocarps, absence of dikaryophyses and hyphal pegs, and relatively large, 0-1-septate basidiospores. This is the first report from Japan. Basidiocarps resupinate, grey-olive to amber, soft-waxy, 5-20 mm long, 2-5 mm wide, 120-160 µm thick, covered with hymenium. Internal hyphae branched, thin-walled, septate, subhyaline, 2 -5 µm diam, with clamp connections. Probasidia cylindrical to clavate, pale yellow, 22-29 × 4-6 µm, with a basal clamp connection, becoming bifurcate. Basidiospores subglobose to reniform, with an apiculum at the base, thinwalled, pale yellow, 7-12 × 3.5-5.5 µm (av. 9 × 4.5 µm; n = 15), 0-septate, germination via germ tubes. Culture characteristics -Colonies attaining about 8 mm diam, velvety, white. Conidiogenesis not observed. Notes -Cerinomyces pallidus is characterised by olive to subdued-yellow basidiocarps, absence of dikaryophyses and hyphal pegs, and relatively small, 0-septate basidiospores. Compared with the description by McNabb (1964) , the size of basidiospores was slightly larger in our specimens. This is the first report from Japan. For synonyms see McNabb (1973) .
Cerinomyces pallidus
Basidiocarps scattered, pulvinate to cerebriform, sometimes applanate, sessile, orange to amber, soft-cartilaginous to firmgelatinous, 1-3 mm high, 1-5 mm diam. Notes -Dacrymyces adpressus is characterised by pulvinate, brown to amber-coloured basidiocarps, hyphae with clamp connections, simple dikaryophyses and relatively large, thin-or thick-walled, 3-septate basidiospores. This species sometimes produces applanate basidiocarps and it may be confused with Cerinomyces species. Dacrymyces adpressus Kobayasi was described in Japan is a later homonym, and a different species from D. adpressus Grognot (McNabb 1973) , so this is the first record from Japan.
Dacrymyces ancyleus
Basidiocarpia sparsa, cylindrica, stipitata cum pileo subgloboso vel cylindrico ancyleo, flavida, cartilaginea vel gelatinosa, 1-2 mm alta, 0.5 mm lata. Hyphae interaneae ramosae, tenuitunicatae vel crassitunicatae, gelatinosae, hyalinae, 2-6 µm latae, cum colligationibus unciformibus. Probasidia cylindrica vel clavata, flavida, 30-45 × 4.5-10 µm, bifurcatascentia. Basidiosporae subglobosae vel reniformae, tenuitunicatae, sub-hyalinae, 10.5 -19.5 × 4 -9 µm, 0 -1-septatae.
Etymology. Named after its recurved basidiocarps.
Basidiocarps scattered, cylindrical, stipitate, bearing a subglobose to cylindrical, recurved pileus, yellow, soft-cartilaginous to firm-gelatinous, 1-2 mm high, 0.5 mm diam. Internal hyphae branched, thin-or thick-walled, gelatinous, septate, hyaline, 2-6 µm diam, with clamp connections. Hymenium limited to surface of the pileus. Probasidia cylindrical to clavate, pale yellow, 30 -45 × 4.5 -10 µm, with a basal clamp connection, becoming bifurcate. Basidiospores subglobose to reniform, with an apiculum at the base, thin-walled, sub-hyaline, 10.5 -19.5 × 4-9 µm (av. 15.5 × 7.5 µm; n = 20), 0 - Notes -Dacrymyces ancyleus is characterised by basidiocarps that are recurved, cylindrical or stipitate with a subglobose pileus, hyphae with clamp connections and 0 -1-septate basidiospores. This fungus is likely to be included in the genus Calocera based on the cylindrical basidiocarps; however, the internal hyphal structure of the basidiocarp could not be divided into three zones, differing from Calocera species. Furthermore, this fungus is not a member of Dacryopinax since the hymenium is not amphigenous and cortical hairs at the sterile surface could not be recognised; therefore, we regard this dacrymycetous fungus to belong to the genus Dacrymyces.
Dacrymyces microsporus is similar in basidiocarp and basidiospore shape to D. ancyleus, but the hyphae composing basidiocarps of D. microsporus do not have clamp connections. Dacrymyces flabelliformis is also similar to D. ancyleus in basidiocarp shape and by having clamp connections on hyphae (Burdsall & Laursen 2004 ), but D. flabelliformis is different from this fungus in basidiospore size (12.5-14 × 5-6 µm) and the septal number (3-septate); therefore, we consider this fungus to be a new species of Dacrymyces. In molecular phylogenetic analyses (Fig. 16) , this species represented a monophyletic group with Dacryopinax sphenocarpa, but the phylogenetic position in the Dacrymycetes lineage was uncertain.
Dacrymyces aureosporus
Basidiocarpia sparsa vel gregaria, turbinata vel cerebriformia, sessilia vel stipitata cum pileo semigloboso rugoso vel convoluto, aurantiaca, gelatinosa, 1-3 mm alta, 1-6 mm lata. Pili corticales steriles cylindrici vel clavati, tenuitunicati. Hyphae interaneae ramosae, tenuitunicatae, gelatinosae, hyalinae, 2 -3 µm latae. Probasidia cylindrica, sub-hyalina, 46.5 -80 × 5.5 -8 µm, bifurcatascentia. Basidiosporae cylindricae vel allantoideae, tenuitunicatae, flavidae, 17-26 × 6.5 -11 µm, 7-septatae.
Etymology. Named after its yellow basidiospores.
Basidiocarps scattered or gregarious, sometimes coalesced, turbinate to cerebriform, sessile or stipitate bearing a rugose to convolute semiglobose pileus, pale orange, firm-gelatinous, 1-3 mm high, 1-6 mm diam. For synonyms see McNabb (1973) and Reid (1974) .
Basidiocarps scattered, turbinate to stoutly cylindrical, stipitate bearing a concave or rugose semiglobose pileus, yellow to orange, firm-gelatinous, sometimes white tomentose at the base, 1.5 -2 mm high, 2 -4 mm diam. Sterile parts of basidiocarps densely covered with simple or branched, cylindrical to clavate, septate, hyaline, thin-or thick-walled marginal hyphae.
Internal hyphae branched, thin-walled, gelatinous, septate, hyaline, 2-3.5 µm diam, without clamp connections. Hymenium limited to the upper surface of the pileus. Probasidia cylindrical to clavate, pale yellow, 25-42.5 × 3-6 µm, becoming bifurcate. Basidiospores subglobose to reniform, with an apiculum at the base, thin-walled, sub-hyaline to pale yellow, 10-15 × 5-7.5 µm (av. 13 × 6.5 µm; n = 20), 0 -3-septate, germination via conidia and germ tubes. Anamorphic fruit bodies sometimes present with basidiocarps, pulvinate, sessile, orange, gelatinous, 1 mm high, 1-3 mm diam. Conidia holoblastic, cylindrical to subglobose, with a separation scar at the base, thin-or thick-walled, 20-30 × 7.5 -10 µm, 0 - Notes -This species is characterised by turbinate or substipitate basidiocarps, hyphae without clamp connections, densely arranged thin-or thick-walled marginal hyphae, and thin-walled, 3-septate basidiospores. In this study, we collected material with anamorphic fruit bodies. Oberwinkler (1993) also reported that the species produced conidium-like diaspores by hyphal phragmentation. According to the taxonomic opinion of McNabb (1973) , Dacrymyces capitatus might be reported in Japan as D. tremellosus (Kobayasi 1939a ). For synonyms see McNabb (1973) and Reid (1974) .
Dacrymyces chrysospermus
Basidiocarps scattered or gregarious, sometimes coalesced, turbinate to cerebriform, sessile or stipitate bearing a rugose to convolute semiglobose pileus, orange, firm-gelatinous, 2-5 mm high, 6-13 mm diam. Basidiocarps scattered, pustulate to pulvinate, sessile, pale white to pale orange, firm-gelatinous, 0.2 -0.5 mm high, 1-3 mm diam. Sterile parts of basidiocarps covered with simple or branched, septate, hyaline, thin-walled marginal hyphae.
Internal hyphae branched, thin-walled, gelatinous, septate, 2-3 µm diam, without clamp connections. Hymenium limited to the superior surface of the basidiocarp. Probasidia cylindrical to clavate, thin-or thick-walled, hyaline to pale yellow, 24-37.5 × 5 -7.5 µm, becoming bifurcate. Dikaryophyses simple or branched, septate, thin-walled, sub-hyaline, 2 -3 µm diam. Basidiospores naviculate, straight or curved, with an apiculum at the base, thick-walled, sub-hyaline, 16 -22.5 × 6 -8 µm (av. 20 × 7 µm; n = 20), 0 -3-septate, germination via germ tubes. Culture characteristics -Culture not obtained. Notes -Dacrymyces dendrocalami is characterised by pustulate to pulvinate, sessile basidiocarps, hyphae without clamp connections, and straight-or curved-naviculate, thickwalled basidiospores. This species has been reported only once from Taiwan (Oberwinkler & Tschen 1989) . This is the second record for this species, and the first from Japan. Notes -Dacrymyces lacrymalis is characterised by irregularly discoid, gyrose, sessile basidiocarps, hyphae without clamp connections and thin-walled, 3-septate basidiospores. Although McNabb (1973) did not report the anamorphic stage of this species, anamorphic fruit bodies bearing holoblastic conidia were observed together with basidiocarps in this study. According to the result of this study and McNabb (1973) , D. lacrymalis has been frequently found on woody substrata of broadleaved trees. This record is the first for Japan.
Dacrymyces microsporus P. Karst., Bidrag Kannedom Finlands Natur Folk 48: 459. 1889 - Fig. 7a -c, 14p Basidiocarps scattered or gregarious, sometimes coalesced, turbinate to stoutly cylindrical, stipitate bearing a concave or rugose semiglobose pileus, pale yellow, soft-cartilaginous to firm-gelatinous, 1-1.5 mm high, 1-2 mm diam. hyaline, 27.5-42.5 × 3.5-4.5 µm, becoming bifurcate. Basidiospores reniform, with an apiculum at the base, thin-walled, sub-hyaline, 10 -14 × 3.5 -6.5 µm (av. 11.5 × 5 µm; n = 20), 0-1-septate, germination by means of conidial production and germ tubes.
Culture characteristics -Colonies of the primary mycelium attaining about 7 mm diam, wet, yellow. Conidiogenous cells on vegetative hyphae, polyblastic, sympodial. Conidia subglobose, 6 × 3 µm. Notes -Dacrymyces microspores is characterised by basiodiocarps that are turbinate to stipitate, bearing a concave or rugose, semiglobose pileus, hyphae without clamp connections and thin-walled, 0 -1-septate basidiospores. This is the first record from Japan. For synonyms see McNabb (1973) .
Dacrymyces minor
Basidiocarps scattered, pustulate to pulvinate, sessile or sub-stipitate, pale orange, firm-gelatinous, 0.5 mm high, 1-2 mm diam. Sterile parts of basidiocarps covered with simple or branched, cylindrical, septate, hyaline, thin-walled, marginal hyphae. Internal hyphae branched, thin-walled, gelatinous, septate, hyaline, 2 -3 µm diam, without clamp connections. Hymenium limited to superior surface of the basidiocarp. Probasidia cylindrical to clavate, sub-hyaline, 30 -47 × 4-9 µm, becoming bifurcate. Basidiospores reniform, with an apiculum at the base, thin-or thick-walled, pale yellow, 12.5-18 × 5-9.5 µm (av. 15 × 6.5 µm; n = 20), 1-3-septate, germination by means of conidial production and germ tubes. Culture characteristics -Colonies of the primary mycelium attaining about 6 mm diam, velvety, orange to white. Conidiogenous cells on vegetative hyphae, polyblastic, sympodial. Conidia subglobose, 6 × 3 µm. Notes -Dacrymyces minor is characterised by relatively small, pustulate to pulvinate basidiocarps, hyphae without clamp connections, and thin-or thick-walled, 1-3-septate basidiospores. This species was first recorded from Japan by Kobayasi (1939a) . Basidiocarps scattered, turbinate or irregularly discoid, substipitate or stipitate bearing a centrally depressed semiglobose pileus, yellow-orange, firm-gelatinous, 1-3 mm high, 2-5 mm diam. Sterile parts of basidiocarps covered with simple cylindrical to clavate, hyaline, conspicuously thick-walled terminal cells, 25-32 × 6-10 µm. Internal hyphae branched, thin-walled, septate, hyaline, 2-3 µm diam, with clamp connections. Hymenium limited to the upper surface of the pileus or disc. Probasidia cylindrical to clavate, sub-hyaline to pale yellow, 30-38 × 5-7.5 µm, with a basal clamp connection, becoming bifurcate.
Dikaryophyses cylindrical, simple, sub-hyaline, 45-52 × 2.5 µm, with a basal clamp connection. Basidiospores cylindrical to reniform, with an apiculum at the base, thin-walled, subhyaline to pale yellow, 11.5-15.5 × 4-6 µm (av. 14 × 5 µm; n = 20), 1-3-septate, germinated by production of conidia and germ tubes.
Culture characteristics -Colonies slow growing, attaining about 2 mm diam, velvety, orange. Conidiogenous cells on vegetative hyphae, polyblastic, sympodial. Conidia subglobose, 5 × 3 µm. Notes -Dacrymyces minutus is characterised by turbinate to irregularly discoid basidiocarps, hyphae with clamp connections, cylindrical to clavate, thick-walled terminal cells, and thin-walled, 3-septate basidiospores. According to the results of our survey and that of McNabb (1973) Notes -Dacrymyces novae-zelandiae is characterised by pustulate to pulvinate, sessile basidiocarps, hyphae without clamp connections, simple dikaryophyses and thin-walled, multi-septate basidiospores. This is the first record from Japan. Shirouzu & Tokum., sp. nov. -MycoBank MB514038; Fig. 8f, g, 15d Conidiomata sparsa, pulvinata vel flabellata, sessilia, aurantiaca, fragilia, 1 mm alta, 1-2 mm lata. Hyphae interaneae ramosae, tenuitunicatae, flavidae, 2 -3 µm latae. Cellulae conidiogenae micronematicae, cylindricae, flavidae. Conidia holoblastica, ramosa, dendroidea, cum ramis cylindricis 1-8-cellularibus 27-65 × 5-9 µm tenuitunicatis aurantiacis.
Dacrymyces pinacearum
Etymology. Named after the family name of its host.
Conidiocarps scattered, pulvinate to flabellate, sessile, orange, sometimes white at the lower-side, fragile, 1 mm high, 1-2 mm 1934 - Fig. 8h -l, 15e
For synonyms see Reid (1974) .
Basidiocarps scattered or gregarious, sometimes coalesced, pustulate to pulvinate, sessile, pale yellow, firm-gelatinous, 0.5-1 mm high, 1-2 mm diam. Sterile parts of basidiocarps covered with simple or branched, cylindrical, septate, hyaline, thin-walled marginal hyphae. Internal hyphae branched, thinwalled, gelatinous, septate, sub-hyaline, 2-3.5 µm diam, with clamp connections. Hymenium limited to the superior surface of the basidiocarp. Probasidia cylindrical to clavate, thick-walled, pale yellow, 30-50 × 5 µm, with a basal clamp connection, becoming bifurcate. Dikaryophyses simple, septate, thin-walled, sub-hyaline, 30-50 × 2.5 µm. Basidiospores subglobose to reniform, with an apiculum at the base, thin-walled, sub-hyaline, 7-13 × 4-6 µm (av. 9 × 5 µm; n = 15), 0-1(-3)-septate, germination via germ tubes. Culture characteristics -Colonies attaining about 4 mm diam, velvety, white. Conidiogenesis not observed. Notes -Dacrymyces punctiformis is characterised by pustulate to pulvinate, sessile basidiocarps, hyphae with clamp connections, simple dikaryophyses and thin-walled, 0-1(-3)-septate basidiospores. This study as well as others (Kobayasi 1939a , McNabb 1973 , Reid 1974 , it was mentioned that this species frequently occurred on conifers wood. Kobayasi, Sci. Rep. Tokyo Bunrika Daigaku, Sect. B, 4: 122. 1939 -Fig. 9a-e, 15f Basidiocarps scattered or gregarious, sometimes coalesced, pustulate to pulvinate, sessile, pale orange to pale amber, Notes -Dacrymyces san-augustinii is characterised by pustulate to pulvinate, sessile basidiocarps, hyphae without clamp connections, branched dikaryophyses and thin-walled, multiseptate basidiospores. Dacrymyces novae-zelandiae resembles D. san-augustinii in morphological characteristics. McNabb (1973) noted that these species can be distinguished by the presence of branched dikaryophyses, which are present in D. san-augustinii and absent in D. novae-zelandiae. This species was described by Kobayasi (1939a) on a specimen collected from the trunk of a broad-leaved tree in Japan. For synonyms see McNabb (1973) and Reid (1974) .
Dacrymyces san-augustinii
Dacrymyces stillatus
Basidiocarps scattered, pustulate, pulvinate to applanate, sometimes centrally depressed, sessile, pale yellow to pale amber, firm-gelatinous, 0.5 -1 mm high, 1-3 mm diam. Sterile parts of basidiocarps covered with simple or branched, cylindrical, septate, hyaline, thin-walled marginal hyphae. Internal hyphae branched, thin-walled, gelatinous, septate, hyaline, 2-3 µm diam, without clamp connections. Hymenium limited to the upper surface of the basidiocarp. Probasidia cylindrical to clavate, sub-hyaline, 25 -42.5 × 4.5 -7 µm, becoming bifurcate. Basidiospores reniform, with an apiculum at the base, thick-walled, pale yellow, 12.5 -17 × 5 -8 µm (av. 14.5 × 6 µm; n = 20), 1-3-septate, germination via the production of conidia and germ tubes. Anamorphic fruit bodies pustulate to pulvinate, sessile, orange, firm-gelatinous, 0.5 mm high, 0.5-1.5 mm diam. Conidia arthric, cylindrical, thin-walled, pale orange, 7.5 -12.5 × 2.5 -3.5 µm, 0 -1-septate. Culture characteristics -Colonies attaining about 15 mm diam, velvety, pale orange. Conidiogenous cells on vegetative hyphae, polyblastic, sympodial. Conidia subglobose, 5 × 3 µm. Notes -Dacrymyces stillatus is characterised by pustulate to pulvinate basidiocarps, hyphae without clamp connections and thick-walled, 1-3-septate basidiospores. This species is similar to D. minor in morphology on the whole, but McNabb (1973) emphasised that these species could be distinguished by the difference in basidiocarp size. In this study, we identified materials with basidiocarps of 2 mm or more in diameter as D. stillatus, but from the results of molecular phylogenetic analyses, these two species were nested in the same clade (Fig.  16 ). This species was reported in Japan by Kobayasi (1939a;  as D. deliquescens) and Tubaki & Hosoya (1987) . Kobayasi, Sci. Rep. Tokyo Bunrika Daigaku, Sect. B, 4: 120. 1939 - Fig. 10a-e, 15h Basidiocarps scattered or gregarious, sometimes coalesced, turbinate to cerebriform, sessile or stipitate, bearing a rugose to convoluted, semiglobose pileus, yellow to orange, firm-gelatinous, 1-2 mm high, 4-6 mm diam. Sterile parts of basidiocarps covered with simple, cylindrical to clavate, septate, 2-3-celled, hyaline, conspicuously thick-walled terminal cells, 38-50.5 × 7-12 µm. Internal hyphae branched, thin-walled, gelatinous, septate, hyaline, 2-4 µm diam, without clamp connections. Hymenium limited to superior surface of the pileus. Probasidia cylindrical, yellow, 63.5-90 × 8-11.5 µm, becoming bifurcate. Basidiospores cylindrical to curved-naviculate, with an apiculum at the base, thin-walled, yellow, 32-54 × 9.5-17 µm (av. 41.5 × 12 µm; n = 20), 0-14-transverse septate, occasionally with 0-7-vertical septa, germinated by production of conidia and germ tubes. Culture characteristics -Colonies attaining about 6 mm diam, velvety, pale yellow to white. Conidiogenous cells on vegetative hyphae, polyblastic, sympodial. Conidia subglobose, 6-7 × 4 µm. Notes -Dacrymyces subalpinus is characterised by hyphae without clamp connections and curved-naviculate, multi-transverse and vertically septate basidiospores. Although McNabb (1973) noted that the holotype was destroyed during the Second World War, he recognised this as a distinct species based on the descriptions by Kobayasi (1939a) . Conidiomata sparsa, papilliformia vel pulvinata, sessilia, flavida, fragilia, 0.5 -1 mm alta, 1-2 mm lata. Hyphae interaneae ramosae, tenuitunicatae, flavidae, 2-3 µm latae. Cellulae conidiogenae micronematicae, cylindricae, flavidae. Conidia holoblastica, irregulariter ramosa, cum ramis cylindricis 1-4-cellularibus 6 -22.5 × 2 -4 µm tenuitunicatis flavidis.
Dacrymyces subalpinus
Etymology. Named after its subarctic habitat.
Conidiocarps scattered, pustulate to pulvinate, sessile, yellow, fragile, 0.5 -1 mm high, 1-2 mm diam. Internal hyphae branched, thin-walled, septate, pale yellow, 2 -3 µm diam, without clamp connections. Hymenium limited to the upper surface of the basidiocarp. Conidiogenous cells micronematous, cylindrical, pale yellow. Conidia holoblastic, irregularly branched, composed of cylindrical, 1-4-celled branches of 6-22.5 × 2 -4 µm, with a separation scar at the base, thinwalled, pale yellow. Culture characteristics -Colonies attaining about 6 mm diam, velvety, white to pale yellow. Conidiogenesis not observed. Notes -Dacrymyces subarcticus is characterised by pulvinate conidiocarps and holoblastic, irregularly branched conidia. This anamorphic fungus has pulvinate conidiocarps and is similar to sporodochial anamorphs, such as D. stillatus, in the shape of conidiocarps. However, D. subarcticus differs from other sporodochial anamorphs of Dacrymyces in bearing holoblastic, irregularly branched conidia. We described this fungus as a new anamorphic species of Dacrymyces. In molecular phylogenetic analyses, D. subarcticus formed a monophyletic group with Dacryoscyphus chrysochilus (Fig. 16 ).
Dacrymyces unisporus (L.S. Olive) K. Wells, Mycologia 86: 31. 1994 - Fig. 11a -c, 15j Basionym. Platygloea unispora L.S. Olive, J. Elisha Mitchell Sci. Soc. 60: 17. 1944.
Basidiocarps scattered, pustulate or pulvinate, sometimes centrally depressed, sessile, olive-orange to yellow-orange, firm-gelatinous, 0.5 mm high, 0.5-1 mm diam. Sterile parts of basidiocarps covered with simple or branched, cylindrical, septate, hyaline, thin-walled, marginal hyphae. Internal hyphae branched, thick-walled, septate, hyaline, 3-5 µm diam, with clamp connections. Hymenium limited to the superior surface of the basidiocarp. Basidia cylindrical to clavate, tapering toward the apex bearing a sterigma, sub-hyaline, 40-58 × 4-7 µm, with a basal clamp connection. Basidiospores globose to subglobose, with an apiculum at the base, thin-walled, sub-hyaline, 11-17.5 × 8.5-13 µm (av. 14 × 11.5 µm; n = 20), 2-4-celled, germinated by germ tubes.
Culture characteristics -Colonies slow growing, attaining about 2 mm diam, lanose, white. Conidiogenesis not observed. Notes -The most remarkable morphological feature of Dacrymyces unisporus is a simple, not bifurcate, cylindrical basidium producing a single, globose basidiospore. This species was initially described as a species of Platygloea (Olive 1944) . In 1994, Wells transferred this fungus to the genus Dacrymyces based on the fact that "very often the epibasidium and sterigma arise eccentirically suggesting a derivation from the furcated, dacrymycetoid basidium" (Wells 1994) . This is the first record from Japan. McNabb, New Zealand J. Bot. 11: 504. 1973 -Fig. 11d-h, 15k Basidiocarps scattered or gregarious, sometimes coalesced, turbinate, pulvinate or discoid, centrally depressed, sessile or sub-stipitate, orange, firm-gelatinous, 0.5-1 mm high, 0.5-1.5 mm diam. Sterile parts of basidiocarps covered with cylindrical- Notes -Dacrymyces variisporus is characterised by relatively small, turbinate to pulvinate basidiocarps, hyphae with clamp connections, cylindrical to clavate, thick-walled terminal cells, and thick-walled, multi-septate basidiospores. All our materials were collected from woody substrata of conifers. This is the first record from Japan.
Dacrymyces variisporus
Dacryopinax spathularia (Schwein.) G.W. Martin, Lloydia 11: 116. 1948. -Fig. 12a -e, 15l Basionym. Merulius spathularia Schwein., Schr. Naturf. Ges. Leipzig 1: 97. 1882.
For other synonyms see McNabb (1965b).
Basidiocarps scattered or gregarious, spathulate, stipitate bearing sinuate flabellate to petaloid pileus, orange, white-yellow at the sterile surface of basidiocarps, soft-cartilaginous, 5-13 mm high, 1-2 mm diam at stipe, 3 -7 mm diam at pileus. Sterile parts of basidiocarps covered with solitary or fasciculate, cylindrical, simple or branched, straight or flexuous, septate, thick-walled, pale yellow marginal hypha of 30 -140 × 5-6 µm. Internal hyphae branched, thin-walled, septate, pale yellow, 2-5 µm diam, without clamp connections. Hymenium unilateral. Probasidia cylindrical to clavate, pale yellow, 23.5-34 × 3.5-7.5 µm, becoming bifurcate. Basidiospores subglobose to reniform, with an apiculum at the base, thin-walled, pale yellow, 9-13.5 × 3.5 -7.5 µm (av. 10.5 × 5 µm; n = 20), 0 -1-septate, germinated by germ tubes.
Culture characteristics -Colonies attaining about 10 mm diam, velvety, yellow to white. Conidiogenous cells on vegetative hyphae, polyblastic, sympodial. Conidia subglobose, 5 × 3 µm. Notes -Dacryopinax spathularia is characterised by spathulate to stipitate basidiocarps with a flabellate pileus, thick-walled marginal hypha, and 0 -1-septate basidiospores. This species has been reported from Japan by Kobayasi (1939b) as Guepinia spathularia. Shirouzu & Tokum., sp. nov. -MycoBank MB514040; Fig. 12f-j, 15m, n Basidiocarpia sparsa vel gregaria, spathulata vel subulata, albo-flavida vel sub-succinea, cartilaginea, 2 -6 mm alta, 0.5 -1 mm lata. Pili corticales steriles solitarii vel fasciculati, cylindrici vel clavati, tenuitunicati vel crassitunicati, sub-hyalini, 15 -25 × 3.5 -6 µm. Hyphae interaneae ramosae, tenuitunicatae, hyalinae, 2 -4 µm latae, cum colligationibus unciformibus. Probasidia cylindrica vel clavata, hyalina, 15 -34 × 3.5 -8 µm, bifurcatascentia. Basidiosporae subglobosae vel reniformae, tenuitunicatae, hyalinae, 10 -16 × 4.5 -8.5 µm, 0 -1-septatae.
Dacryopinax sphenocarpa
Etymology. Named after its subulate basidiocarps.
Basidiocarps scattered or gregarious, spathulate to subulate, sometimes slightly branched at apex, yellow-white to pale amber, sometimes with simple root, soft-cartilaginous, 2-6 mm high, 0. Notes -Dacryopinax sphenocarpa is characterised by sharp, spathulate basidiocarps, hyphae with clamp connections, solitary or fasciculate, thin-or thick-walled marginal hypha, and thin-walled, 0 -1-septate basidiospores. This dacrymycetous fungus belongs to the genus Dacryopinax because of its basidiocarp morphology, having a unilateral hymenium and fasciculate, thick-walled marginal hypha. Only D. taibaishanensis is known as a species having hyphae with clamp connections in this genus (Liu & Fan 1990) . Dacryopinax sphenocarpa is different from D. taibaishanensis in the shape of basidiocarps (D. taibaishanensis is discoid) and in the size (20 -35 × 7-10 µm) and septal number (5 -7-septate) of basidiospores. In molecular phylogenetic analyses, this species did not cluster in a monophyletic clade with another species of Dacryopinax, D. spathularia, but represented a monophyletic group with Dacrymyces ancyleus (Fig. 16 ).
Femsjonia peziziformis (Lév.) P. Karst., Bidrag Kannedam Finlands Natur Folk 31: 352. 1876 - Fig. 13a -f, 15o Basionym. Exidia peziziformis Lév., Ann. Sci. Nat., Bot. 9: 127. 1848.
For other synonyms see McNabb (1965e).
Basidiocarps scattered or gregarious, turbinate to discoid, centrally depressed, sessile, yellow at hymenium, white rough tomentose at the sterile surface of basidiocarps, firm-gelatinous, 3-10 mm high, 5 -10 mm diam. Notes -Femsjonia peziziformis is characterised by turbinate to discoid basidiocarps that are tomentose in the sterile part, with cylindrical, thick-walled terminal cells, and multiseptate basidiospores. Reid (1974) treated this genus as a synonym of Ditiola peziziformis (as D. pezizaeformis) . In this study, we classified this fungus in Femsjonia according to the opinion of McNabb (1965e) . This species has been recorded from Japan by Kobayasi (1939b) Notes -Guepiniopsis buccina is characterised by stipitate basidiocarps with cupulate pilei, thick-walled terminal cells, and 0-3-septate basidiospores. This species has been recorded from Japan as G. melurinus (Kobayasi 1939a ).
Molecular phylogenetic analysis
The molecular phylogenetic tree using D1/D2 sequences is shown in Fig. 16 . Four clades in Fig. 16 were defined as Dacrymycetes, Dacrymycetales, Cerinomycetaceae and Dacrymycetaceae, of which the Dacrymycetes, Dacrymycetales and Cerinomycetaceae clades were well supported (BS value (MP/ ML) = 84/95 %, 90/93 %, 100/100 %, respectively). However, the Dacrymycetaceae clade (BS value (MP/ML) = 68/55 %) and other relatively higher-level nodes, were not well supported. At the species level, several clades such as the Guepiniopsis buccina, Calocera viscosa and Dacrymyces punctiformis clades were well supported (BS values = 100 %).
Species of the genus Dacrymyces were dispersed widely over the Dacrymycetes lineage. Dacrymyces stillatus and D. minor formed a clade with Guepiniopsis buccina (BS value (MP/ML) = 75/64 %), and Dacrymyces punctiformis formed a well-supported monophyletic group with Cerinomyces species (BS value (MP/ML) = 100/100 %). 
DISCUSSION
Japanese Dacrymycetes
In this study we recognised 28 species, including 5 new species and 9 species that were newly recorded from Japan (Table 3) . Based on our survey, the total number of dacrymycetous species recorded from Japan increased from 28 to 42, although we were unable to recollect all species recorded by Kobayasi (1939a, b) .
This result suggests that the species diversity of dacrymycetous fungi in Japan is richer than previously thought.
The basidiocarps of Dacrymycetes could be widely collected throughout the Japanese Islands, from Hokkaido (subarctic coniferous forests) to the Yaeyama Islands (subtropical evergreen forests). However, dacrymycetous species and samples were more commonly collected from coniferous and deciduous broad-leaved forests in the subarctic and cool-temperate zone, than in the evergreen, broad-leaved forests in the warm-temperate and subtropical zone. The main diversity of Dacrymycetes may thus be from the cool-temperate to the subarctic zone.
To date, anamorphic stages with conidiocarps are known in Dacrymyces lacrymalis (present study), D. capitatus, D. minor and D. stillatus, (Oberwinkler 1993) . A unique coelomycetous species, Dacryoscyphus chrysochilus (Kirschner & Yang 2005) , and a hyphomycetous species, Cerinosterus luteoalbus, have also been reported (Moore 1987 , Middelhoven et al. 2000 ).
Among the newly described Dacrymyces species in this study, In their fruit bodies (conidiocarps), only conidia were observed, and their holomorphs remain to be discovered. They also had various shapes of conidiocarps (flabellate and pustulate to pulvinate) and conidia (dendroid and irregularly branched). These new Japanese coelomycetous species suggest an unexpected high diversity of anamorphic stages in Dacrymycetes.
Some specimens agreed with the original description of D. subalpinus (Kobayasi 1939a) . It had been thought that the holotype of this species was destroyed in the past (McNabb 1973) . In this study, we reconfirmed the existence of D. subalpinus, and were able to recollected and deposit fresh specimens; however, many holotypes of other Japanese dacrymycetous species described by Kobayasi (1939a, b) have still not been found. During this study, specimens corresponding to such problematic species could not be recollected and examined (Table 1, 3) , and hence their taxonomical validity remains uncertain. To confirm these doubtful species, future investigations of unlabelled dacrymycetous specimens deposited in TNS may provide useful additional information. It is suspected that these specimens may include the lost holotypes of Dacrymycetes species previously described from Japan.
Molecular phylogenetic analysis
One higher node in the molecular phylogenetic tree, the Dacrymycetaceae clade, was not well supported, and other higher phylogenetic relationships in this clade could not be resolved (Fig. 16 ). To define these unclear phylogenetic relationships, it may be necessary to perform additional analyses using more dacrymycetous DNA sequences. Phylogenetic analyses using multi-gene sequences, which succeeded in revealing more detailed relationships in fungal lineages (e.g. James et al. 2006) , may resolve the higher phylogenetic relationships in Dacrymycetes.
A cushion-shaped Dacrymycetaceae species, Dacrymyces punctiformis, was included in the Cerinomycetaceae clade (Fig. 16 ). In addition, an exceptional species having nonbifurcate basidia, D. unisporus, was located basally in the Dacrymycetales clade (Fig. 16) . These results suggest that a reconsideration of not only the taxonomical circumscriptions of genera, but also that of families and orders is required in this class. To solve these taxonomic problems, we may have to search for other informative criteria that correlate with the higher classification.
The molecular phylogenetic analysis of the present study in most cases supported the validity of the species identifications (Fig. 16) , and also revealed the polyphyletic arrangement of Dacrymyces and Dacryopinax species throughout the Dacrymycetes lineage (Fig. 16 ). The classification of dacrymycetous genera is mainly based on the external morphology of the basidiocarp, and the wall thickness of marginal hyphae (McNabb & Talbot 1973 ), but our results underline the difficulty of using these criteria as primary characters for generic classification. Taxonomic rearrangement of dacrymycetous genera is thus necessary (Shirouzu et al. 2007) . At this time, however, we have no phenotypic clues to rearrange dacrymycetous genera; therefore, it is appropriate that the newly described species such as Dacrymyces ancyleus and Dacryopinax sphenocarpa belong to genera `Dacrymyces´ and `Dacryopinax´ according to the existing taxonomic framework. Presently we are working on phylogenetic analyses that incorporate more taxa and DNA sequences, with the eventual aim to present a new interpretation to the remaining taxonomic problems.
